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Claims 

[d] 1. A method for analyzing ocular and/or head orienta- 
tion characteristics of a driver of a vehicle, said method 
comprising: 

detecting and quantifying the position of a driver's head 
relative to the space within a passenger compartment of 
a vehicle; 

providing a reference-base position of a driver's head 
thereby enabling the cross-reference of locations of ar- 
eas/objects-of-driver-interest relative thereto; and 
normalizing said quantification of the position of the 
driver's head to said reference-base position thereby 
enabling deducement of location(s) of driver interest 
based on sensed information regarding at least one of 
(1) driver ocular orientation and (2) driver head orienta- 
tion. 

[c2] 2. The method as recited in claim 1, further comprising: 
preferentially utilizing sensed information regarding 
driver ocular orientation as basis for said deducement of 
location(s) of driver interest; and 

switching to utilization of sensed information regarding 
driver head orientation as basis for said deducement of 



location(s) of driver interest when the quality of said 
sensed information regarding driver ocular orientation 
degrades beyond a prescribed threshold gaze confidence 
level. 

[c3] 3. The method as recited in claim 2, wherein said 

threshold gaze confidence level is exceeded when the 
driver's eyes are occluded. 

[c4] 4. The method as recited in claim 2, wherein said 

threshold gaze confidence level is exceeded when the 
driver's head orientation departs away from an eyes- 
forward orientation beyond an allowed degree of devia- 
tion. 

[c5] 5. The method as recited in claim 1, further comprising: 
utilizing a mathematic transformation for accomplishing 
said normalization of said quantification of the position 
of the driver's head to said reference-base position. 

[c6] 6. The method as recited in claim 5, further comprising: 
performing said mathematic transformation using a ve- 
hicle-based computer on a substantially real time basis. 

[c7] 7. The method as recited in claim 1, further comprising: 
prescribing probable positions of areas/ob- 
jects-of-driver-interest relative to said reference-base 
position. 



[c8] 8. The method as recited in claim 1, further comprising: 
defining probable positions of areas/ob- 
jects-of-driver-interest relative to said reference-base 
position based on sensed driver ocular characteristics. 

[c9] 9. The method as recited in claim 8, further comprising: 
establishing said definitions of probable positions of ar- 
eas/objects-of-driver-interest relative to said reference- 
base position based on the sensed driver ocular charac- 
teristic of gaze frequency. 

[do] io The method as recited in claim 9, further comprising: 
quantifying said establishment of said gaze frequency 
based on collected gaze density characteristics. 

[cH] 11. The method as recited in claim, further comprising: 
identifying an object-of-driver-interest based on driver 
ocular characteristics by mapping said sensed driver oc- 
ular characteristics to said prescribed or defined proba- 
ble locations of areas/objects-of-driver-interest relative 
to said reference-base position. 

[d2] 12. The method as recited in claim 11, further compris- 
ing: 

tailoring prescribed functionalities performed by the ve- 
hicle based on said mapped driver ocular characteristics. 



[d3] 13. The method as recited in claim 1, wherein said 

sensed information regarding driver ocular orientation is 
exclusively constituted by a measure of gaze angularity. 

[d4] 14. The method as recited in claim 1, wherein said 

sensed information regarding driver ocular orientation 
includes a measure of gaze angularity. 

[d5] 15. The method as recited in claim 13, wherein said 
measure of gaze angularity is derived from a sensed 
eyeball-orientation-based gaze-direction vector. 

[d6] 16. The method as recited in claim 1, further comprising: 
defining probable positions of areas/ob- 
jects-of-driver-interest relative to said reference-base 
position based on sensed head orientation. 

[d7] 17. The method as recited in claim 16, further compris- 
ing: 

establishing said definitions of probable positions of ar- 
eas/objects-of-driver-interest relative to said reference- 
base position based on sensed head orientation from 
which a face-forward direction is deduced. 

[d8] 18. The method as recited in claim 17, further compris- 
ing: 

collecting a plurality of data points, each referencing a 
particular sensed head orientation and hence a face- 



forward direction, and based upon said data points, es- 
tablishing density mappings indicative of frequency at 
which a driver looks in a certain direction. 

[d9] 19. The method as recited in claim 16, further compris- 
ing: 

identifying an object/area-of-driver-interest by correlat- 
ing said mapping to prescribed/defined probable loca- 
tions of areas/objects-of-driver-interest relative to said 
reference-base position. 

[c20] 20. The method as recited in claim 19, further compris- 
ing: 

tailoring prescribed functionalities performed by the ve- 
hicle based on said correlation. 

[c21] 21. The method as recited in claim 16, wherein said 

sensed information regarding head orientation is exclu- 
sively constituted by a measure of face-forward direction 
angularity. 

[c22] 22. The method as recited in claim 16, wherein said 

sensed information regarding head orientation includes 
a measure of face-forward direction angularity. 

[c23] 23. The method as recited in claim 21, wherein said 
measure of gaze angularity is derived from a sensed 
head-orientation-based gaze-direction vector. 



[c24] 24. A method for developing a bench-mark for compari- 
son in assessing driver activity and/or driver condition, 
said method comprising: 

collecting a stream of gaze-direction data based on a 
sensed characteristic of a driver, and based on density 
patterns developed therefrom, defining gaze-direc- 
tion-based parameters corresponding to at least one re- 
gion of probable driver interest. 

[c25] 25. The method as recited in claim 24, further compris- 
ing: 

utilizing measures of at least one of (1) driver ocular ori- 
entation and (2) driver head orientation to constitute 
said gaze-direction data. 

[c26] 26. The method as recited in claim 24, further compris- 
ing: 

establishing a region representative of typical eyes- 
forward driving based on a high-density pattern as- 
sessed from said collected gaze-direction data. 

[c27] 27 The method as recited in claim 26, further compris- 
ing: 

utilizing said collected gaze-direction data, in compari- 
son to said established representative region; and 
identifying gaze departures based on said comparison. 



[c28] 28. The method as recited in claim 26, further compris- 
ing: 

utilizing said collected gaze-direction data, in compari- 
son to said established representative region and 
identifying cognitive distraction based on said compari- 
son. 

[c29] 29. The method as recited in claim 26, further compris- 
ing: 

utilizing said collected gaze-direction data, in compari- 
son to said established representative region and 
identifying visual distraction based on said comparison. 

[c30] 30. The method as recited in claim 26, further compris- 
ing: 

utilizing said collected gaze-direction data, in compari- 
son to said established representative region and 
identifying high driver work load based on said compari- 
son. 

[c31] 31. The method as recited in claim 27, further compris- 
ing: 

quantifying driver condition severity based upon ascer- 
tained frequency of identification of at least one of said 
(1) gaze departure (2) cognitive distraction, (3) visual 
distraction and (4) high driver work load. 



[c32] 32. The method as recited in claim 27, further compris- 
ing: 

logging incidents of identified quantifying driver condi- 
tion severity based upon ascertained frequency of identi- 
fication of said departures, distractions, or high driver 
work load conditions. 

[c33] 33. The method as recited in claim 32, further compris- 
ing: 

storing said logged incidents for future analysis. 

[c34] 34. The method as recited in claim 32, further compris- 
ing: 

transmitting said logged incidents to a processor for fur- 
ther analysis. 

[c35] 35. The method as recited in claim 34, further compris- 
ing: 

performing said transmittal and said analysis on a real- 
time basis. 

[c36] 36. The method as recited in claim 31, further compris- 
ing: 

providing driver feedback when said severity quantifica- 
tion exceeds a prescribed severity threshold level. 

[c37] 37. The method as recited in claim 31, further compris- 



ing: 

tailoring prescribed functionalities performed by the ve- 
hicle when said severity quantification exceeds a pre- 
scribed severity threshold level. 

[c38] 38. The method as recited in claim 24, further compris- 
ing: 

analyzing said stream of collected gaze-direction data 
utilizing a primary moving time-window of prescribed 
period; and 

detecting characteristics within said primary moving 
time-window indicative of an occurrence of driver time- 
sharing activity. 

[c39] 39. The method as recited in claim 38, further compris- 
ing: 

identifying periods of high driver workload based on a 
frequency of threshold-exceeding occurrences of driver 
time-sharing activity. 

[c40] 40. The method as recited in claim 38, further compris- 
ing: 

refreshing said primary moving time-window upon the 
detection of cessation of an occurrence of driver time- 
sharing activity. 

[c41] 41. a method for automated analysis of eye movement 



data, said method comprising: 

processing data descriptive of eye movements observed 
in a subject using a computer-based processor by ap- 
plying classification rules to the data and thereby identi- 
fying at least visual fixations experienced by the subject; 
and 

analyzing gaze-direction information associated with the 
identified fixations thereby developing data representa- 
tive of directions in which the subject visually fixated 
during the period of data collection. 

[c42] 42. The method as recited in claim 41, further compris- 
ing: 

segregating the data, based at least partially on gaze- 
direction of fixations, into delimited data sets, each de- 
limited data set representing an area/ob- 
ject-of-subject-interest existing during the period of 
data collection. 

[c43] 43. The method as recited in claim 41, further compris- 
ing: 

identifying glances by applying at least one glance- 
defining rule to the data, each of said identified glance 
encompassing at least one identified fixation. 

[c44] 44. The method as recited in claim 43, further compris- 
ing: 



basing said at least one glance-defining rule on at least 
one characteristic selected from the group including: 
glance duration, glance frequency, total glance time, and 
total task time. 

[c45] 45. The method as recited in claim 43, further compris- 
ing: 

segregating said identified glances into delimited glance 
sets based at least partially on a gaze-direction during 
the respective glance, each of said segregated glance 
sets representing an area/object-of-subject-interest ex- 
isting during the period of data collection. 

[c46] 46. The method as recited in claim 45, further compris- 
ing: 

assessing a relative density of one glance set in compar- 
ison to at least one other glance set, and based there- 
upon, identifying the represented area/ob- 
ject-of-subject-interest of the compared glance set. 

[c47] 47. The method as recited in claim 45, further compris- 
ing: 

assessing a relative density of at least one glance set 
among a plurality of glance sets, and based upon a map- 
ping of said assessed relative density to known relative 
densities associated with settings of the type in which 
the eye movement data was collected, identifying the 



represented area/object-of-subject-interest of the com- 
pared glance set. 

[c48] 48. The method as recited in claim 45, further compris- 
ing: 

assessing relative densities of at least two glance sets 
developed from data descriptive of eye movements ob- 
served in a known setting; and 
identifying the represented area/ob- 
ject-of-subject-interest of each of the two compared 
glance sets and ascertaining locations of said repre- 
sented areas/objects-of-subject-interest in the known 
setting thereby establishing a special reference frame for 
the known setting. 

[c49] 49. The method as recited in claim 48, wherein said sub- 
ject is a driver of a vehicle and based on a density of at 
least one of the glance data sets, an eyes-forward, nor- 
mal driver eye orientation is deduced. 

[c50] 50. The method as recited in claim 41, wherein said ap- 
plied classification rules comprise at least criteria defin- 
ing fixations and transitions. 

[c51] 51. The method as recited in claim 41, wherein said ap- 
plied classification rules further comprise criteria defin- 
ing saccades. 



[c52] 52. The method as recited in claim 41, wherein said sub- 
ject is a driver of a vehicle and the method further com- 
prises utilizing a plurality of analysis protocols depen- 
dent upon prevailing noise characteristics associated 
with the data set being processed. 

[c53] 53. The method as recited in claim 52, further compris- 
ing: 

applying a first data filter of predetermined stringency to 
an input stream of data comprising said data descriptive 
of eye movements observed in a driver of a vehicle uti- 
lizing said computer-based processor and therefrom 
outputting a first filtered data stream corresponding to 
said input stream of data; and 
assessing quality of said outputted first filtered data 
stream by applying a first approval rule thereto, and data 
of said outputted first filtered data stream passing said 
first approval rule being outputted and constituting an 
approved first stream of data. 

[c54] 54. The method as recited in claim 53, further compris- 
ing: 

applying a second data filter of greater stringency than 
said first data filter to the input stream of data utilizing 
said computer-based processor and therefrom out- 
putting a second filtered data stream corresponding to 



said a first filtered data stream via common derivation 
from the input stream of data; and 
assessing quality of said outputted second filtered data 
stream by applying a second approval rule thereto, and 
data of said outputted second filtered data stream pass- 
ing said second approval rule being outputted and con- 
stituting a approved second stream of data. 

[c55] 55. The method as recited in claim 54, further compris- 
ing: 

composing a collective approved stream of data consti- 
tuted by an entirety of said approved first stream of 
data, and said collective approved stream of data being 
further constituted by portions of said approved second 
stream of data corresponding to unapproved portions of 
said outputted first filtered data stream. 

[c56] 56. The method as recited in claim 54, wherein said first 
and second approval rules are the same. 

[c57] 57. The method as recited in claim 54, wherein said first 
and second approval rules are based on the same crite- 
ria. 

[c58] 58. The method as recited in claim 52, further compris- 
ing: 

selecting at least two analysis protocols to constitute 



said plurality from a group consisting of: (1) a velocity 
based, dual threshold protocol that is best suited, rela- 
tive to the other members of the group, to low- 
noise-content eye behavior data; (2) a distance based, 
dispersion spacing protocol that is best suited, relative 
to the other members of the group, to moderate- 
noise-content eye and eyelid behavior data; and (3) an 
ocular characteristic based, rule oriented protocol that is 
best suited, relative to the other members of the group, 
to high-noise-content eye behavior data. 

[c59] 59. The method as recited in claim 58, wherein said se- 
lection of protocols for any given data set is biased to- 
ward one of said three protocols in dependence upon a 
detected noise level in the data set. 

[c60] 60. The method as recited in claim 58, wherein said rule 
oriented protocol considers one or more of the following 
standards in a discrimination between fixations and sac- 
cades: (1) fixation duration must exceed 150 ms; (2) 
saccade duration must not exceed 200 ms; and saccades 
begin and end in two different locations. 

[c61] 61. The method as recited in claim 52, further compris- 
ing: 

assessing quality of said data descriptive of eye move- 
ment based on relative utilization of respective analysis 



protocols among said plurality of analysis protocols. 

[c62] 62. The method as recited in claim 50, further compris- 
ing: 

assessing quality of said data descriptive of eye move- 
ment considering time-based, relative utilization of re- 
spective analysis protocols among said plurality of anal- 
ysis protocols over a prescribed time period. 

[c63] 63. The method as recited in claim 41, further compris- 
ing: 

analyzing a stream of collected driver eye-gaze data uti- 
lizing a stream-traversing primary time-window of pre- 
scribed period and detecting an artifact that clouds the 
trueness of a portion of the data stream; and 
resorting to a secondary moving time-window simulta- 
neously traversing said data stream and generating 
highly filtered data from said collected data when said 
artifact is encountered. 

[c64] 64. The method as recited in claim 41, further compris- 
ing: 

analyzing a stream of collected driver eye-gaze data uti- 
lizing a stream-traversing primary time-window of pre- 
scribed period; and 

detecting characteristics within said primary time- 
window indicative of data quality-degradation beyond a 



prescribed quality threshold level during data stream 
traversal. 

[c65] 65. The method as recited in claim 64, further compris- 
ing: 

resorting to a secondary moving time-window simulta- 
neously traversing said data stream and generating 
highly filtered data from said collected data when said 
data quality-degradation exceeds the prescribed quality 
threshold level. 

[c66] 66. The method as recited in claim 65, further compris- 
ing: 

returning to said primary moving time-window when 
said data quality-degradation is detected to have sub- 
sided within the prescribed quality threshold level. 



